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Physiography .■—Evidence of uplift has been produced from a 
number of widely separated places on the Australian coast. The 
Western Australian evidence has been summarised by Jutson (10), 
who, however, saw no direct indications of uplift in the Swan River 
District, though he had stated (9) that uplifts may have taken 
place. Woodward believed that uplift was in progress at Fre- 
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mantle (8), but did not produce adequate evidence to support his 
belief, Somerville lias recently placed the matter beyond doubt 
(16), by recording 1 and describing numerous features in the Perth 
District which are indisputable evidence of a recent displacement 
el the strand line, resulting in an apparent uplift of 23 feet from 
Hie present high water level. Wo considered that this movement 
should have been clearly recorded by the terraces of the Swan 
and Helena rivers, and, therefore, investigated the problem. Since 
the appearance of Daly's suggestive papers (18, 10), recent uplift 
has assumed world-wide importance, and we have attempted to 
apply the results of our work as a lest of Daly’s hypothesis. As 
great uncertainty now prevails in the use of the terms ‘‘elevation 
and subsidence of the land/’ “displacement of the strand line,” and 
“eustatie movement of the ocean,” we shall use the term “rejuven¬ 
ating movement” when speaking of the recent changes of the Swan 
and Helena rivers, 


The Swan 
the tidal limit 
Hoonee Diver, 
beaches. We 
an important 


and Helena rivers, having terraces developed above 
, and raised beaches below it, are similar to the 
Vie. (G), which lias terraces associated with raised 
suggest that the investigation of river terraces has 
bearing on the problem of eustatic movement. 


The Segment* of the Swan Hirer .—-Somerville (16) has divided 
the lower Swan into convenient physiographic segments, each of 
which has fairly uniform features. To these we add two further 
segments. From Burs wood to Guildford, the river flows through a 
wide valley, the sides of which are obscured by recent sand dunes. 
This segment is transitional in nature, for here the more evident 
features of the lower segments, which are due to the drowning (9. 
10), prior to the rejuvenating movements, give way to ‘Sutures 
usually ascribed to uplift. From Guildford to the foothills of the 
Darling escarpment, beyond Dp per Swan, the river flows in a 
valley, which Jntson terms “precociously mature,” and exhibits all 
the characters of a, river which lias reached maturity after several 
successive rejuvenations. Tile Helena joins the Swan at Guildford 
and is similar to the Swan, from where it also emerges from the 
escarpment, but lias a slightly steeper gradient, and is, therefore, 
more juvenile. 

The. Siran Coastal Plain .—This prominent feature of the 
physiography of Western Australia has been adequately described 
by Jntson (10), in a broad way, while Woolnougli has elaborated 
the description and recognises in it a series of distinct elements 
(lo). We shall compare the features of rejuvenation existing in 
the Perth District with other features, further afield, which have 
not yet received detailed study, hut may reasonably be ascribed to 
the same causes, especially if Daly’s hypothesis he correct, flu? lakes 
marginal to the sea. between Bimbnry anti Mandurah, form a pro- 
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minent physiographic lino, and (heir parallelism and serial arrange¬ 
ment (fall lor an explanation which we believe is given by the re¬ 
juvenating movements which affected the Perth District. The ex¬ 
planation we shall give ot the Uottnest lakes con (inns our opinion 
concerning the Dunburv lakes. 

The Islands off F r cm anile .— Garden Island, (laniac, and Tvott- 
ncst represent a I’ormer westward extension ot the coastline, and 
were probably separated from the present coast by local subsidence 
(TO). They are formed of Coast Limestone (a consolidated, car¬ 
bonate dune rock) and of recent sand dunes. Pottnest, which en¬ 
closes a group of sail lakes, gives very clear evidence of having been 
a fleeted by rejuvenating movements. 

The whole island is surrounded by a reel, or wave-cut plat¬ 
form, which extends for half a mile or more to sea, where it ends 
abruptly, being undermined by the waves. The solid reef limestone 
appears to rest on unconsolidated sands. A( high tide it is covered 
by three to four feet of water off-shore, whence it shallow’s 
gradually to the shoreline, where it ends usually in a beach, or on 
headlands and exposed places, against low, undercut cliffs of lime¬ 
stone. It is the product ot recent wave action, with a. very low 
wave base, owing to the shallowness of the surrounding sea. The 
modern beaches are often bordered to landward by a low raised 
bench, indicating a movement of about eight feet. An older, ele¬ 
vated platform replaces the raised beaches on the rooky shores and 
stands about four feet above high water mark. There is also indi¬ 
cation of a platform about twenty feel above high water mark, but 
owing (o the rapid weatheiing of (lie coast limestones under wind 
and rain, and to the encroachment of recent dimes, this high-level 
platform is very obscure. Where recognisable, it often carries 
fragments of large shells upon its surface. One such platform exists 
at the northern end of Thompson Day, and another extends from 
Nancy Gove to ti e Pastern end of Strickland Day. The platforms 
are interpreted as elevated reefs. 

The shoies of the salt lakes expose a most interesting section 
comj osed almost everywhere of consolidated shell beds, which extend 
to greater heights than the present shores of the lakes, and end 

frequently against undercut limestone cliffs, the bases of which are 

about eight feet above high water mark. Elsewhere the. shell beds 
extend far inland, marking former extensions of the lakes, as at the 

north end of Garden Lake. In a few r places, the beds mark old 

shorelines at a greater height than eight feet, as at Padbnry s Plat. 
The shells are very abundant, and are well preserved, the two 
valves of } elecvpods often being united. The shells belong to 
existing species, and t'oim a very different assemblage from that 
of the shell beds of Perth and Melville Waters. Associated with 
the Rottnest shells are one ecinnoid, one serpulid worm, and one 


large .forum. These beds show that the lakes were formerly less 
saline, and were connected with the sea. Their elevation above the 
present strand suggests that the closing - of the lakes, and the union 
of two or perhaps three islands to form the present Rottnest, were 
effected by the rejuvenating - movements, ft also affords an ex¬ 
planation of the salinity of the lakes. The coast limestones are 
exceedingly porous, and the great loss of water from the lakes by 
evaporation during - the hot and dry summer can only be counter¬ 
balanced by percolation of sea water through the limestone, which 
in turn implies continuous increase in salinity. The fresh water 
gained by the lakes during the wet winter is .not competent, in our 
opinion, to maintain a balance with the sea. Two points of former 
union of the lakes with the sea are probable, one being at the 
eastern end of Government House Lake, leading into Thompson 
Bay, the other being at the site of the proposed canal at the 
northern end of Lake Bagdad. The drifting of sand liars and dunes 
and the rejuvenating movements combined, we believe, in closing 
the lakes, and evaporation balanced by percolation from the sea has 
rendered them saline. Belli actions have caused the extinction of tile 
shell fauna. 

GEOLOGY. 

The Crystalline VUtleau .—The terraced segment of the 8wan 
River is flanked on the east by the fault scarp of the lhirling 
peneplain. The scar)) lias been desciihed by Jnlsou (10), and the 
features of the uplifted peneplain by Wooinough (Id). In the 
Guildford District, the plateau escarpment is composed of a. variety 
of granites, which do not appear to show any clear marginal re¬ 
lationship to each other, one type grading imperceptibly into the 
next. They are believed to be "Pre-Cumbrian in age, and are pene¬ 
trated everywhere by a plexus of basic dykes, here for the most 
part epidiorites, though dolerites are also known to occur. E art her 
north, beyond Upper Swan, a gneissie series makes its appearance 
(0), but it has received little investigation. 

The Guildford Clays. —The Swan itself Hows over the Guild- 
lord Clays from Upper Swan to Guildford. This formation extends 
right ii]) to the foot of the Darling escarpment, and is claimed by 
Wooinough ns part of a continuous piedmont apron (lb)* This view 
seems to he fully justified, but the relationship of the Guildford 
clays are not entirely apparent. They have el aimed attention since 
1884, owing to their artesian water conlenl. With their associated 
beds they form a distinct series, which we shall term the Guildford 
beds. They extend to a great depth, as is shown by the bore 
sections (8), and are of irregular character, without persistent 
horizons. They contain beds of hard sandstone in some places, 
hut, ns a rule, are not well consolidated. In lithological character 
they vary from red clays to sandy clays, gravels, sandstones, and 


oven, to calcareous sands. In the railway cutting, on the north side 
of the Swan, at l pper Swan, they show signs of contemporaneous 
erosion. Lithologicnlly they have been thoroughly described hv 
Hardman and Nicolay (1, 2). Simpson refers lo them as being 
of Mesozoic age (7). They afford no palaeontological evidence. 
Shells are found in the bore sections of the Perth District, but are 
absent from the Guildford bores (’>). They are best considered as a 
piedmont deposit, post-dating the formation of the Darling escarp¬ 
ment, t, 


Drift Sands .—The Western bank of the Swan, between Guild¬ 
ford and l ppor Swan, is bordered at a varying distance by dunes 
which have been fixed by vegetation. The dimes belong to the coastal 
dune belt, but are here siliceous rather than calcareous. I'hey re¬ 
present the earlier accumulations during the period of coastal pro- 
gradation, which preceded the cycle of drowning referred to pre¬ 
viously (10). All the rivers of the Swan Gonstal Plain appear to 
he consequent upon the Darling escarpment, hut the encroachment 
of the dimes has had a powerful effect in deflecting the streams 
on the plain (10), and the Swan has been forced, in the Guildford 
District, lo lake a subsequent course over the Guildford beds, until, 
by gathering strength from the Helena and the Canning, it lias 
attained supremacy over the dimes. The surface of the Guild lord 
hods slopes gently to the south, but the western gradient, on the 
western side of the Swan, is sufficient to cause stagnation of the 
drainage from the high dunes, with the result that a number of 
swamps have formed between the dunes and the river. 


Tuw Turn jacks a x i» 


Lkvkls. —In order to investigate the terraces 


four lines of levels were determined by theodolite, crossing the valleys 
of the Swan and Helena (the latter in two cases onlyb, approximately 
at right angles. Prom the levels obtained, protiles were plotted on 
a uniform scale, and these, combined with an examination ol the 
ground, have led us to onr conclusions. Pour physiographic levels 
have been clearly revealed, and a tilth is believed to exist, but is not 
so well marked nor so well preserved as the remainder. The upper¬ 
most level is that of the surface of the Guildford beds, the lower 


levels being indicated by river terraces. As the terraces are de¬ 
veloped symmetrically in both rivers, and corves] ond very closely, 
tliev are of the type usually ascribed to nplilt (11). 

The uppermost, or Garershaw level, is the original erosion sur¬ 
face of the district. It has an elevation of 41 feet above survey 
datum at Guildford and Midland Junction, and slopes very evenly 
upwards to the north, being 70 feet above survey dal mu at Upper 
Swan. In tins level the Swan and Helena eroded their original 
paths over the Guildford beds, and developed broad and preco¬ 
ciously mature valleys until the close of the cycle of drowning. The 
thalweg so formed constituted the Guildford level, which is now 
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represented by n well marked terrace in belli valleys. II is very well 
developed at the Old (Jolt’ Link's on the northern side of the Swan at 
Guildford. The Guildford level is traceable almost continuously for 
a. long 1 distance up both valleys. At Guildford it is 13 feel below 
the Gaveisham level in the valley of the Swan, and seven feet below it 
in the valley of the Helena—a nice expression of the relative powers 
of the two rivers. At Albion Town north of 11 erne Hill if is nine 
feet below the Gavevsluun level, and at Upper Swan it is very feebly 
developed. 11 is here represented by obscure shoulders on the Caver- 
sham slopes, and we estimated its depth by diagrammatic means to 
be only five feel below (lie Gaversbam level. It is, however, quite 
traceable in the landscape. The Guildford level therefore rises towards 
the Gaversbam level proceeding upstream. This is what would be 
expected during a period of stillstand, or of slow subsidence (4). 
Kejtiveualing movement now supervened, and (he soft Guild lord 
beds became entrenched below the Guildford level, leaving it as a 
river terrace. This first phase of the rejuvenation is marked by dis¬ 
tinct remnants of a once continuous terrace in both valleys, but the 
new thalweg which it represents as having developed below the 
Guildford level has been greatly obscured by the subsequent develop¬ 
ment of the rivers. This third level is clearly shown to the south 
of West Midland railway station, in the valley of the Helena, and 
we have named it the lUesh Midland Lend. At Guildford the West 
Midland level is eight feel below the Guildford level in the Swan 
Valiev, and 10 feet, below it in the Helena. Again we have a response 
to steelier grade in the Helena. At Albion Town this level is 30 
feet below the Guildford level, and at Upper Swan is 31 feel below 
it. The level is easily traceable in the scenery, and we are not in 
doubt about its identification. We are here dealing with the effect 
<>f the steady and continuous increase in the corrasive power of the 
Swan under (he influence of rejuvenation, and as this power in¬ 
creases by “compound interest” in proceeding lip a. normal stream 
from its month, the relative increase in corrasive power under re¬ 
juvenating influences is very much greater than in the normal con¬ 
dition. The rule may be restated that levels due lo re)nvev«lio>t icill 
diverge from (he older levels of slillshtnd or subsidence in vroeeed- 
nu) njjstrrnw. ■ (e.f. 4.) In other words, the further we go towards 
the head of the Swan, the greater will he the vertical interval between 
the Guildford and the West Midland levels (terraces). 

The West Midland level only marks a pause in (lie process of 
rejuvenation. When the movement started again further entrench¬ 
ment took place, the second pause being recorded clearly in the 
Helena but less distinctlv in the Swan vallev. At Guildford, seven 
lent below the West Midland terrace, in the Helena valley, is another 
terrace which we believe records a fourth level. At tile Old Golf 
Links at Guildford, in the Swan valley, is a lower platform which 


corresponds to this level, and at Albion Town there is a terrace 
ereallv dissected by ox-bows, standing live feel below the West 
Midland level. Ollier features to be considered render it extremely 
probable that a Irue level exists in Ibis position, and that we are 
not dealing with accidental lerraces. We have named Ihe fourth 
level the 11 plena lav el. When the width of I lie present valleys is 
considered, the presence of clear and continuous records of the 
Helena and West Midland levels is seen to lie impossible. The Swan 
now meanders in a valley as wide as that of I lie Guildford days. 

The lowest level is that of lie preseal flood plants. Al Guild¬ 
ford Hie present Mood plain of the Swan is In feed below the West 
Midland level. At Albion Town the distance has not increased, but 
at I’pper Swan i! rises to IS feel. The depth of Ihe Helena flood 
plain below the West Midland level is 18 foot in Ihe western profile 
and 11 lee! in the eastern, the distance between Ihe two being only 
ball’ a mile. In both cases il is well above Ihe Hood plain of the 
Swan, indicating Ihe sleeper gradient of the Helena. 


The significant inference from ihe. foregoing details is that the 
total intervals due to rejuvenation (Guildford to present levels) in 
both rivers in ihe Guildford District are of the same order, that is, 
aboil! 22 feet, as indicated by lie profiles. Now, as a corollary to 
I lie previous rule, we stale, llml Ihe. ia/errals hehreen river lerraces 
due solehj In rejuvenation moveweals trill he espial lo Ihe actual 
amount of displaeemenI oahj ia the. ririniltf of Ixtse-lcvel. But the 
maximum “uplift"’ recorded by Somerville is 2M feet (1(5). We con¬ 
clude, I here fore, Unit the river record of the Guildford District is an 
actual measure of (be rejuvenating movement, and that Guildford 
was near base-level. Jntson slates correctly (!)) that the Swan is 
affected by (be I ides as far as Guildford at the presoul day. 


The levels should prove useful in the study of rates of erosion 
if Daly’s hypothesis h(* proved nllimately to be correct, as the ler¬ 
races are dissected by innumerable brook’s the ages of which can be 
gauged accurately. Sub-surface drainage (VI) was observed at 
Vpper Swan. 


Xoles on the Profiles .—Profile No. 1 shows the Gavcrsham, 
Guildford, West Midland, and Present levels in the Swan valley, Ihe 
Wo,si Midland level being; here slightly iriineatcd. Guildford iiself 
is on a remnant, of llu* Gaversham-Guildford slope. In the Helena 
Valley Ihe Gavorslmni, West Midland, Helena, and Present levels are 
shown. Profile No. 2 shows Ihe same levels as No. 1 for the Swan, 
the West Midland level being* again truncated. In the. Helena, the 
Guildford, West Midland, and Present levels appear. Doth of iliose 
profiles were brought into line with survey datum by tying lire 
traverse on lo a, railway bench mark. Profile No. 3 (near Albion 
Town) shows an encroachment dune on Ihe west, and the G-nversham, 


(luildford. We,si Midland, Helena (?), ;md I‘resent levels. Prom 
Susiitmali P.rook to tlie east I Ids profile was completed by inspection 
of the ground, not, by tlieodolile levelling, owing' to lack of time and 
a failing' light. The levels observed were corrected to survey datum 
by the height, of Herne Hill siding, which is on the Caversbani level 
(17). Prolilo No. 4 (at Ppper Swan) shows the. ('nverslimu, Cluil I- 
ford (obscurely), Wesl Midland, and Piesenl levels, and an inter- 
mediale l(»rrace between I he (luildford and West Midland levels. 
The last is interpreted as a slilT-olT lenace (11), a type likely to be 
encountered upstream where corrosive power is at its height. The 
West. Midland level was identified with certainty by plotting Ihe 
gradients of Hie levels to scale on squared paper, which rendered its 
harmony with the system apparent. As with No. it, this profile was 
eo-ordinated with survey datum from Ihe height of Ppper Swan 
Siding (17), which is also on the Caversliam level. Profile No. 5 is 
an idealised representation of the levels as shown by both rivers. 
Prolile No. (> shows Hie gradients of the levels along Hie course of 
the Swan, and, like Nos. '.} and f, gives a very clear idea, of the 
divergence of Ihe levels due to rejuvenation, and of their converg¬ 
ence during stillstand or subsidence in upstream sections. 11 was 
by means of Ibis diagram that Ihe (riniealion of the West Midland 
terrace in Ihe (luildford District was first, recognised. 
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Tun ('yolks of Plosion:. II will be conceded Unit Hie interval 
between Iwo succeeding and persistent levels indicates a cycle of 
erosion. I be levels here recognised correspond to lour such cycles. 
The lirst, or (litildford circle, represents the difference between the 
Cavcralmiii and (luildford levels, and was I lie initial cycle. Tt was a 
period of subsidence followed by stillstand (the drowning referred 
to by 4ntson and Somerville). The interval belween Hie fluildford 
and West Midland levels, or \\ r csl Midland rijrle, was a period of re- 
jtiveualion. After a. pause the Helena ci/ele. was- initialed, we. 
believe with further rejuvenation. A I'ler a second pause the Present 
et/rle. was ushered in wiih rejuvenation, which lias now given place to 
stillstand. The amounts of entrenching done during these cycles 


are given below for comparison with the previous table. The eycles 
of erosion are numbered in descending order of age. The figures 
represent differences in feet between succeeding levels. Queries to 
figures indicate a possible error of a foot, while queries alone indi¬ 
cate that the necessary levels are not developed in the particular 
profile. 
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Correlation with the Features of “Uplift "—The differences in 
height between the levels of rejuvenation in the Guildford District 
(believed to have been in the vicinity of base-level throughout), and 
the amount of movement indicated, are tabulated below:— 


Levels. 


Guildford to West Midland... 
West Midland to Helena 
Helena to Present 


Difference 
in Height. 

ft. 

8 

7 

7 


Movement. 


ft. 

8 

15 

22 


In tile Perth District and the Lower Swan the details of (he 
features of uplift described by Somerville (16), if tabulated, are 
found to fall into three clearly marked groups, their heights above 
present high water level lying between the following limits:— 

First Group . lft. to 7ft. 

Second Group . 7ft. to loft. 

Third Group ... ... ... ... ... 15ft. to 23ft. 

The reader is referred to Somerville’s figures and map for the de¬ 
tails. Xow, it seems evident from the above tables, that the cycles 
of erosion which we have defined are expressed further afield, and 
we correlate the third group of the features Somerville has de¬ 
scribed with the West Midland cycle. This will inelude the shell 
beds of Minim Cove and Peppermint Grove, the “raised” beach 
and shell beds of (he Coombe, (he “raised” beaeli of Blaekwall Reach, 
the Crawley-Xedlands “raised” spit, and (though not described by 





Somerville) the very evident higher level of the South Perth “raised” 
shoal, the levels? of which can be clearly discerned from the junc¬ 
tion of Lnhouchere Road, i wall Si reel and Mends Street. 

The second group corresponds to the Helena Cycle, and in- 
dudes the shell beds of llinemoa Rock, Mosman's Bay, some of the 
higher shell beds at Cottesloe Beach, and the “raised" spits of 
Points Roe and Preston, and of Peppermint drove. I he striking 
difference noticed hv Somerville between the assemblages of shells 
in the beds of Mosman’s Bay and Minim dove has therefore a 
partial explanation if the cycles of rejuvenating movements lie 
accepted. 

The first group falls into the Present Period, and embraces t.lie 
lower shell bods of dot lesion Beach, and the associated “raised" 
platforms, part of Mill Point Spit, and the numerous ‘’raised” 
beaches to be observed around the foreshores, at low elevations 
above high water mark. The last features have not been described 
in detail by Somerville, 1ml are well developed, as, for instance, at 
Mends Street Jetty and at Applecross. These low “raised" 
beaches often hear a ti-tree and swamp flora. 

A most important formation, if eustatic movement is to he 
demonstrated, exists in the hidden shell banks of Perth and Melville 
Waters. These beds are covered by recent sand and mud, but 
are frequently - revealed in dredging operations, and are so rich in 
shells that they are used extensively for road making and reclama¬ 
tion. A number of different species have been collected by Dr. 
K. S. Simpson, and determined by Mr. Medley of the Australian 
Museum, Sydney. Ostrea Angasi is the most abundant species. 
These shells are of the greatest interest, but we do not wish to an¬ 
ticipate Dr. Simpson or Mr. Medley in the description of the for¬ 
mation, though it is necessary for our purpose to make some refer¬ 
ence to it. None of the species is now existent in the neighbouring 
waters, the river indeed being almost devoid of mollnscan fauna. We 
correlate the Perth Shell Bank* with the Guildford Cycle, and believe 
them to be antecedent to the iejuvennting cycles. During the 
Guildford cycle the Swan broadwaters were much more extensive 
than they are now. The effect of rejuvenation was to restrict the 
volume of the broadwaters, and to render the get-away of the winter 
Hoods more difficult owing to local constrictions of the channel, 
especially at the Narrows. The accelerated silting, and lowering 
of salinity which ensued assisted in extinguishing the fauna. The 
shells themselves, however, indicate also an important climatic change 
which is a necessary postulate in Daly’s hypothesis (IS, 10). At 
Hull nest Island we correlate with the West Midland cycle the ob¬ 
scure high level platforms. To the Helena cycle are assigned the 
Haitncsl Shell Hanks of the salt lakes, and their associated under¬ 
cut cliffs ami elevated strand lines. U is possible that some of the 


more elevated shell beds and ,shore lines belong; to the preceding 
cycle, but this cminol be demonstrated without careful levelling. 
The Kottuest shell banks are as important in onr local geology 
as are the Perth shell hanks. Shells from the Koltnest hanks have 
also been examined by Mr. lledley, who slates Hint. Iliey belong to 
existing genera, and indicate a climate similar to the present one 
of the locality, whereas those of the Perth banks indicate warmer 
conditions. The closure of I In* lakes, and llie union of two or 
perhaps three islands to form the present Poll nest may be assigned 
to the close of the Helena cycle or to the opening of the Presold 
period. The striking fact for the visitor is that the undercut 
cliffs of the salt lakes belong oKnrly 1o Helena, times, while those 
of the sea shores belong equally clearly to the present period. In 
the absence of careful levelling, confusion also exists concerning the 
“raised reels’’ and “raised"’ beaches of I ho present sea shores, which 
belong lo the borderline between the two cycles. The existing 
reef platfonns and the undercut shores of course are definitely pro¬ 
ducts of very recent ad ion. 


“rplift.” has been demonstrated at widely separated [daces 
on the shores of the Sican Coastal Plain , but it is not our intention 
to deal with regional movement here. The whole question of re¬ 
cent “uplift” around the shores of Australia shall be reviewed by 
one of us (M.A.) shortly. The lakes marginal to the sea, between 
P»unbury and Mamluiali, have been mentioned on a previous page, 
and shall he considered hr icily. Lesciienault inlet, Hake Preston, 
tin* Martin Tank line of lakes and swamps, and Hake Glifton are 
long, narrow sheets of water arranged in echelon parallel to the 
coast. Hesehonnult Inlet is connected wilh the sea. Hake Preston 
is no!, and is saline, and is associated with a. development of the 
Kottuest shell banks. The Martin Tank line has an elevation 
of about Mo feet above sea level and is associated wilh a develop¬ 
ment of the Perth shell banks {jhie Mr. A. K. Mitchell, H.Sc.). 
bake (Til'ten, still further inland, stands about (it) feet above sea 
level. The sequence of events in this area seems to have been 
similar to that of the Swan Diver District, with this exception: 
that instead of a cycle of drowning prior to the rejuvenating 
movements there was here an actual uplift in pre-Guildford limes, 
which elevated Hake (’lifton. The Martin Tank line, with the 
associated Perth shell hanks, are interpreted as the product of the 
Guildford cycle. Their present height above sea level is not in ac¬ 
cordance with eustatic movement unless it he assumed that I he 
movement of uplift- was also slid in progress. l.ake Preston 
and its Pott nest shell banks we assign to the Helena cycle, and 
Leselienault Inlet to the Present period. We suggest that each 
of these lakes has been closed and rendered saline b\ processes 
similar to I hose which operated on the lakes of Hot t nest Island. 


(hie of us (ALA.) considers that the larger brooks issuing from 
tlie Darling linage Kscarpment in (he Swan River District show 
distinctly younger valley protiles in the lower parts of their courses 
than further upstream. As examples Jane Brook, and Narrogin 
Brook (Armadale), me (jiioted. This feature is connected with the 
whole period of rejuvenation. It is necessary, however, to bring 
to notice the factors which may assist or retard corrnsion in these 
streams. 

('orrasion may he assisted by the jointing and faulting of 
the 01 vstalline plateau. Jointing is difficult to trace, Imt might 
he expected to have been recorded by a. yielding formation such 
as the Armadale shales. The joint systems of this formation 
have been plotted, and are found to belong to two series, each 
having two sets of joints at right angles, showing in all twelve 
se|imate directions. 

.First series— 

Set a . . N.X.K. by X. to S.S.Vf. by S. 

Set b . . E.S.E. by E. to AV.N.VW by W. 

Second series—- 

Set a . . E.X.E. by X. to W.S.W. by S. 

Set h . . X’AV. by X. to S.E. by S. 

The former series is the stronger, hut none of these directions seem 

to he prominently marked in the drainage of the plateau. Fault¬ 
ing' is more easily recognised. From an examination of the Arma¬ 
dale District, we conclude that the Narrogin Brook and its northern 
tributary follow a line of fault behind the foothill zone (15), hav¬ 
ing found a displacement of laterite level in this zone, amounting 
to about 200 feet, on the south side of the ('aiming' Valley. Later¬ 
ite displacement of this amount is a clear indication of recent 
faulting (12). A similar displacement has also he.cn observe 1 
between Jane Brook and its northern tributary well within the 
Range, and the course of Jane Brook behind the foothills zone re¬ 
sembles that of Narrogin Brook. It is suggested that the foothill 
zone i. s at wags a product of step faulting. 

Factors which may assist in the development of local maturity 
are of the nature of temporary base-levels. The only competent 
obstacles are the basic dykes. From a careful study of their out¬ 
crops we believe that the basic d glee a are more, easilg weathered , but 
less easilg eroded, than the granites of the district. The difference 
in both cases is very slight. Where a dyke crosses a hill at right 
angles to the coidouis it weathers out, leaving a col. Lower down 
I he hillside the same dyke forms a ridge, for here erosion is more 
input than weatlieiiug. Similarly, where a dyke is parallel to or 
inclined to the contours at a low angle, the outcrop forms a dis¬ 
tinct ledge i n the hillside. So far, however, we have not seen a 
dyke which has become an obstacle or temporary base-level for a 
stream. 
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SUMMARY and conclusions. 

(L) The Swan and Helena Rivers have recorded four cycles 
of erosion, which are marked by river terraces. The first 
cycle was one of stillsland in the Guildford District. 
The second, third, and fourth cycles were caused by re¬ 
juvenating movements, indicating an uplift of the land 
or a sinking of sea-level of 22 feet. 



The climate of the district was warmer before the move¬ 
ment than it is now. This is indicated by two important 
formations, (lie older Perth Shell Banks, and the younger 
Ixottnest Shell Banks. 


(3.) The amount of movement is the same as that described 
as being due to “uplift,” in the Perth District (23 feet). 

(4.) Various physiographic features in the Perth District, at 
Rottnest Island, in the Bunbiiry-Mandiimh District, and 
in the Darling Range east of Perth can be correlated 
easily with the four cycles of erosion, which may there¬ 
fore he taken as the local basis for the subdivision of 
Recent Time. 


(-">.) In Pre-Guildford time actual subsidence was taking place 
in the Swan River District, while uplift was in progress 
further south in the Biml.mry-Mandurali District. 

(().) The evidence of recent changes in the Swan River District 
supports Daly’s hypothesis of a recent world-wide sink¬ 
ing of ocean level. 

In collaborating on this paper we desire to state that the fol¬ 
lowing partition of work was made. The theodolite levelling and 
construction of the profiles were carried out by E. A. Budge, and the 
general field work and correlation were done by M. Aurousseau. We 
also wish to thank our students Messrs. Caldcr and Tb orb urn, of 
the Guildford Grammar School, and Messrs. Cummins and Wort toys, 
of the University of Western Australia, for assistance in the field 
work. 
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The Helena Valley, looking South from Guildford, 
A, on map. Shows anabranches, and terraces in 
the distance. K.A. B. photo. 

The Swan Valley, looking North from Mr. Harper's 
house. B, on map. Shows width of present flood 
plain, and terraces in distance. E.A.B. photo. 

The Swan Valley at Upper Swan. 0, on map. Shows 
present flood plain, Caversham level (house on sky¬ 
line), slip-off terrace (behind haystack), and V est 
Midland level (in front of havstaek). M.A. photo. 

The Guildford beds and Darling Range, from Upper 
Swan. D, on map. M.A. photo. 

The Rottncst Shell Banks. Between Garden Lake and 
Lake Hersehell, Rottnest. M.A. photo. 

Present Marine abrasion at Kottnest. Undercut lime¬ 
stone West of diving pool. The man is standing on 
the reef. M.A. photo. 

Map of the Guildford District. 

Profiles (to scale) of the Valleys of the Swan and Helena 
Rivers. 
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Plato II.—The S\\ ;ul Valiev, looking "North 
(P». on Map.) 
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Plate 111'.—the Swan Valley at Upper Swan. »C. m Map.) 















































Plato IY.—The Guildford Beds and Darling 
from Vpper Swan, (I), on Map.) 



Plate V. -Rottnest Shell Banks 







































































